ABSTRACT Eight multiparous, ruminally cannulated Holstein cows averaging 40 d in milk and 575 kg BW at the start of trial were in a replicated 4 x 4 Latin square arrangement (28-d periods) to determine the effects of dietary nonfiber carbohydrate ( N F C level and Aspergillus oryzae fermentation extract (AO) on intake, milk production, and nutrient digestibility. Treatments were 42 or 35% NFC and 0 or 3 g of A 0 per day arranged as a 2 x 2 factorial. Diets formulated to contain 21% NDF from alfalfa silage (48.4% of ration DM) and 18.5% CP were fed as total mixed rations twice daily. Alteration of dietary NFC level was by partial replacement of shelled corn and soybean meal with wheat middlings and brewers dried grains. Intake of NDF was higher (1.49 vs 1.22% of BW) for 35 than for 42% NFC diets, but DMI was lower (24.1 vs 24.9 kgid). Milkfat percentage, ruminal pH, ammonia, acetate (molesi100 moles), and total tract digestibility of fiber were higher for 35% NFC diets; however, ruminal disappearance of DM, CP, and NDF from Dacron bags containing alfalfa hay was not affected ( P > . l o ) by NFC level. Supplementation with A 0 did not affect ( P > . l o ) DMI, milk yield, or nutrient digestion. Partial replacement of corn with high-fiber byproducts to lower dietary NFC level and correspondingly increase NDF level increased NDF intake but effected only a small change in DMI. Reducing dietary NFC level improved ruminal fermentation and milkfat percentage without significantly affecting milk yield.
Introduction
Although levels of structural carbohydrates (NDF and ADF) are controlled in ration formulation (NRC, 19891 , guidelines for nonfiber carbohydrates ( NFC) are not well defined. Nonfiber carbohydrates include starch, sugars, pectins, and beta-glucans (Van Soest et al., 1991) . Intake and milk yield increased with increasing dietary starch and NFC levels (MacGregor et al., 1983) ; however, other researchers (Robinson et al., 1987; Sutton et al., 1987; Stokes et al., 1991) reported no statistical differences in DMI or milk yield. Increasing dietary NFC level decreased ruminal pH and VFA (Robinson et al., 1986; Sutton et al., 1987; Stokes et al., 1991) and decreased total tract digestion of fiber and milkfat percentage (Robinson et al., 1987; Sutton et al., 1987) .
Supplementation of diets of lactating cows with (Kellems et al., 1990 ) on production of fat-corrected milk. Response to A 0 has been greatest in earlylactation cows and in cows fed high-concentrate rations (Gomez-Alarcon et al., 1991) , which are typically high in NFC. Although increases in the number of cellulolytic bacteria have been reported Newbold et al., 1991) , increases in ruminal and total tract GomezAlarcon et al., 1990 GomezAlarcon et al., , 1991 fiber digestibility have been variable. The objectives of this study were to evaluate the effects of NFC level and A 0 supplementation on nutrient intake, milk production, and nutrient digestion in lactating dairy cows.
Materials a n d Methods
Eight ruminally cannulated, multiparous Holstein cows were used in a replicated, concurrently run 4 x 4 Latin square arrangement. As specified by an approved animal use protocol, five multiparous cows were surgically modified with a 7.6-cm (inside diameter) ruminal cannula at 32 d prepartum. After a period of inflammation ( 7 to 10 d ) , a 10.2-cm cannula was inserted into the fistula. An additional three multiparous cows previously modified with ruminal cannulas under a similar protocol were also used for this experiment. Period length was 28 d; the first 14 d of each experimental period were for ration adaptation, with sampling during d 15 to 28 of each period. Cows averaged 40 d in milk and 575 kg BW at the start of the trial. Treatments were 42 or 35% dietary NFC and 0 (-1 or 3 g ( + ) of A 0 (Amaferm@, a fermentation extract of A. oryzae, Biozyme Enterprises, St. Joseph, MO) daily in a 2 x 2 factorial arrangement. Shelled corn and soybean meal were partially replaced by wheat middlings and brewers dried grains in the 35% NFC diet (Table 1) . Diets formulated to contain 21% NDF from forage (alfalfa silage), 18.5% CP with 34% of CP as undegraded intake protein (calculated from NRC, 1989), and to meet or exceed NRC (1989) CP, energy, mineral, and vitamin requirements and were fed as total mixed rations twice daily at 1000 and 1800. Brewers dried grains were used to balance the level of undegraded intake protein.
Moisture content of alfalfa silage was determined weekly by toluene distillation (Dewar and McDonald, 19611 , and diet formulations were adjusted accordingly. Cows were individually fed in stanchions and the amount of feed offered and refused was recorded daily. The amount of feed offered was adjusted daily to ensure 10% feed refusal. Alfalfa silage and concentrate mixes were sampled on d 15, 16, 22, and 23 of each period. Total mixed rations and corresponding feed refusals were sampled on d 23 to 26 of each period. Silage, concentrate, total mixed ration, and refusal samples were dried for 48 h in a 60°C forced-air oven and ground to pass a l-mm Wiley mill screen. Forage and concentrate samples were composited by week (3 or 4 ) within period; total mixed ration and feed refusal samples were composited by cow within period. Samples were analyzed for DM (AOAC, 19901, OM (AOAC, 1990) , CP (AOAC, 1990 ), ether extract (AOAC, 1990 , ADF (Goering and Van Soest, 19701, and NDF (Van Soest et al., 1991) . The partial insolubility of pectin in ADF solution (Van Soest et al., 1991 ) necessitated use of a sequential ADF procedure for alfalfa silage composites, whereas a nonsequential procedure was used for all other ADF analyses. Estimation of NFC was by calculation, where NFC = OM -(CP t NDF + ether extract) + NDF bound CP; starch and free glucose were measured by endoamylase and exoglucosidase incubation before glucose oxidase assay (Herrera-Saldana et al., 1990) .
Cows were milked at 0630 and 1800 and yield was recorded at each milking. Milk samples taken from morning and evening milkings on two consecutive days during wk 3 and 4 of each period were analyzed for fat and protein by infrared analysis (Wisconsin DHI Laboratory, Appleton). Daily milk composition was calculated as an average of morning and evening samples using the proportion of daily yield at that milking as a weighting factor. Body weights were recorded for three consecutive days at the start of trial and on d 26 to 28 of each period at 0730.
A lanthanum solution (Hartnell and Satter, 1979 ) was added to 114 g of concentrate, which was subsequently mixed in the total mixed ration on d 18 through 26 of each period. The labeled concentrate provided approximately 30 ppm of La in the total diet DM and was used as an external marker to estimate total tract apparent digestibilities. A ytterbium ( 1 g of Yb) solution (Shaver et al., 1986) was sprayed onto 500 g DM of alfalfa silage for estimation of forage passage rate. Solutions containing 1 g of samarium (Hartnell and Satter, 1979) and 2.7 g of Cr-EDTA (Binnerts et al., 1968) sprayed onto 500 g DM of either 42 or 35% NFC concentrates were used to estimate ruminal passage rates of grain and liquid, respectively. Markers were applied to feedstuffs by spraying rather than soaking because the soaking procedure may remove much of the soluble DM of the feed, thereby altering its digestibility and flow kinetics. Furthermore, the difference in marker retention between the spray and soaking techniques seems to be small (Combs et al., 1992) . Alfalfa silage and concentrate marked with rare earths were fed at 1000, immediately before the morning feeding. Fecal grab samples were collected before digesta marker dosing and at 12, 18, 24, 36, 48, 60 , and 72 h after dosing. Samples dried in a forced-air oven at 60°C for 72 h were ground to pass a 2-mm Wiley mill screen. A composite fecal sample for digestibility determination for each cow within period was ground through a l-mm screen and analyzed for DM, OM, CP, ADF, and NDF as previously described. Samples were wet-ashed using nitric acid digestion for analysis of rare earth concentrations using direct current plasma spectroscopy as described by Combs (1985) . Passage rates of forage, grain, and liquid were determined by regressing the natural log of the rare earth concentration from the declining portion of the fecal excretion curve vs time.
Dacron bags ( 9 x 18 cm, 52 pm pore size) prepared as described by Shaver et al. (1986) were filled with 6 g (as-fed) of alfalfa hay (2-mm grind) containing 21.0% CP and 37.5% NDF. Bags were placed in a mesh net secured to the ruminal cannula and were introduced in reverse order starting on d 24 of each period. Time points representing 0, 3, 6, 9, 12, 24, 48, and 72 h were incubated in duplicate. Duplicate empty bags were incubated in each cow to estimate influx of DM into the bag. To stop microbial activity, incubated bags were rinsed in cold tap water upon removal from the rumen and stored at -20°C until they were washed under cool tap water. Zero-hour bags were soaked in tepid tap water for 15 min and washed with the ruminally incubated bags. Bags and residue were then dried at 60°C for 72 h for determination of DM remaining. Residues from duplicate time points were composited and analyzed in duplicate for CP and NDF. Dry matter, CP, and NDF degradation data were analyzed using the NLIN@ procedure of SAS (1985) and fitted to the model of Mertens and Loften (1980) :
where FR = DM, CP, or NDF remaining at time = t; P = potentially digested fraction (100 -U ) at fractional rate k, k > 0; U = fraction undigested at 72 h; L = discrete lag time; and t = incubation time (hours). Ruminal availability of DM, CP, and NDF was estimated using the following equation (NRC, 1985) : Availability = rapidly degraded fraction (A) + slowly degraded fraction (€3 ) (kd/kd + kp) ; assuming kp = .06.
Ruminal fluid was sampled from cows before the morning feeding and at 2, 4, 6, and 8 h after feeding on d 22 of each period. Samples were taken from the ventral rumen via the cannula and were strained through two layers of cheesecloth for immediate pH determination (Beckmzn Model 1009 pH Meter, Combination Electrode No. 39848, Beckman Instruments, Fullerton, CAI. A 50-mL aliquot was acidified with 1 mL of 50% H2S04 and stored at -20°C until it was analyzed for VFA. Samples of ruminal fluid were prepared for analysis as described by Brotz and Schaefer (1987) , analyzed using GLC (Varian 2100, Sunnyvale, CA) with GP 10% SP-1200/1% H3P04 on 80/lOO Chromasorb W AW column packing (Supelco, Bellefonte, PA), and corrected for recovery of an internal standard (2-ethyl butyrate, .0625 M).
A second 50-mL aliquot was acidified with 1 mL of 50% trichloroacetic acid solution and stored at -20°C until it was analyzed for ammonia concentration by a modification of the procedure of Chaney and Marbach (1962) . Upon thawing, ruminal fluid samples were centrifuged at 1,400 x g, 4°C for 20 min. The supernatant was diluted 1:lO with distilled water. Four milliliters each of reagent A (50 mg of sodium nitroprusside, 8.25 g of sodium tungstate, and 11 mL of 90% liquified phenol per liter) and reagent B (25 g of disodium phosphate, 5 g of reagent grade sodium hydroxide, and 50 mL of 5.25% sodium hypochlorite per liter) were added to 100 pL of the diluted ruminal fluid. Samples were incubated at room temperature for 1 h and subsequently read at 625 nm.
Data were analyzed using the GLM procedure of SAS (1985) with the following statistical model:
where Yijkl = dependent variable; u = overall mean of population; Ci = average effect of cow i; Pj = average effect of periodj; Lk = average effect of NFC level k; A1 = average effect A 0 level 1; (L.A)M = average effect of interaction of NFC level k with A 0 level 1; and Eijk] = residual error, assumed normally, identically, and independently distributed.
All terms were tested using the residual mean square error. Square and carryover effects of previous diet were tested but were not different ( P > .50) from zero, and therefore they do not appear in any model. For DMI, milk yield, and milk component yields and ruminal measurements, split plot over time models were used. Cow x period x NFC x A 0 and week terms were added for intake and yield variables. Cow x period x NFC x AO, hour, hour x NFC, hour x AO, and hour x NFC x A 0 terms were added to the model for ruminal measurements. The effect of cow, period, NFC, and A 0 were tested using cow x period x NFC x A 0 as an error term, and week, hour, and hour x treatment interactions were tested using the residual mean square error. Significance of main effects and interactions was designated when P < .05.
Results and Discussion
Diets (Table 1) were formulated to contain 18.5% CP, but 42% NFC diets contained only 17.9% CP because of the lower CP content of soybean meal than measured before the start of the trial (42.1 vs 45.1%, DM basis). Because soybean meal constituted a smaller portion of the 35% NFC diets, CP level (18.7%) was relatively unaffected. There was no difference in CP intake for 42 and 35% NFC diets (4.48 vs 4.51 kgid for 42 and 35% NFC diets, respectively). Level of NDF was higher (38.1 vs 31.0%) for 35% NFC diets than for 42% diets, although NDF from forage was constant ( 2 1 %) .
Actual dietary NFC levels of 41.8 and 33.9% were close to formulation target levels. Starch and free glucose accounted for 78.9 and 84.1% of the calculated NFC in the 42 and 35% NFC diets. The starch and free glucose assay does not account for pectins contained in alfalfa, leading to lower estimates than for NFC.
Body weights and intakes of DM and NDF (adjusted for feed refusals) are presented in Table 2 . Body weight averaged 612 kg over the duration of the trial and was similar for all treatments. Intake of DM (kilograms/day, percentage of BW) was higher ( P < .05) for 42% NFC diets than for 35% NFC diets, possibly related to the higher NDF content of the 35% NFC diets. MacGregor et al. (1983) observed increased DMI with increasing dietary starch level from 25 to 33%, yet no changes in DMI were noted when dietary starch was increased linearly from 8 to 32% (Robinson et al., 1987) or when dietary NFC was increased from 37 to 49% (Sutton et al., 1987) . Source of fibrous carbohydrate (wheat middlings and brewers dried grains) used t o replace corn in this trial may have affected DMI; Bernard and McNeill (1991) reported a significant decrease in DMI when wheat middlings (meal) were fed at 22% of the total mixed diet. However, Acedo et al. (1987) observed that when wheat middlings (20, 40, or 60% of the concentrate) replaced corn and sorghum in a pelleted concentrate, DMI was unaffected.
Dry matter intake (kilograms/day, percentage of B W) was numerically higher for AO-supplemented diets, but these differences were not statistically different ( P > ,101. Other researchers (Van Horn et al., 1984; Gomez-Alarcon et al., 1991; Denigan et al., Table 2 . Effect of nonfiber carbohvdrate AND FUNGAL ADDITIVES 1035 1992) have reported similar results in both early-and midlactation cows. There was no NFC x A 0 interaction for DMI ( P = .36).
Neutral detergent fiber intake (kilogramdday, percentage of BW) was higher ( P < .001) for 35% NFC diets because of the higher dietary NDF content. When expressed as a percentage of BW, intake of NDF averaged 1.22 and 1.49% for 42 and 35% NFC diets, respectively, suggesting that when high-fiber, byproduct feedstuffs such as wheat middlings and brewers dried grains partially replace corn in diets of lactating cows, dietary NDF concentration is not a n adequate predictor of DMI. Dry matter intake reduction was small ( -8 kg/d) relative to the increase in NDF intake ( 1.6 kgid), which further suggests that lactating cows can tolerate fairly high NDF levels without a major reduction of DMI when high-fiber byproducts are included in diets containing 21% NDF from alfalfa silage. Intake of NFC averaged 10.7 and 8.3 kg/d and 1.75 and 1.36% of BW for 42 and 35% NFC diets, respectively. Intake of NDF plus NFC averaged 18.2 and 17.5 kg/d and 2.95 and 2.85% of BW for 42 and 35% NFC, respectively. These values followed a trend similar to that of DMI, and the reduction was of similar magnitude, suggesting that intake of NDF plus NFC may be a better predictor of DMI than either dietary NFC or NDF alone for diets containing 21% NDF from alfalfa silage.
Milk yield and composition data are presented in Table 3 (Robinson et al., 1987; Sutton et al., 1987; Stokes et al., 1991) observed no effect of NFC level on milk yield. Gross efficiency of milk production (kilograms of milkkilograms of DMI) was similar (1.42 vs 1.44) for 42 and 35% NFC diets, suggesting similar conversion of energy to milk for these diets.
Supplementation with A 0 had no effect on yield of milk ( P = .52) or 3.5% FCM ( P = .63). Although A 0 supplementation had no effect ( P = .44) on milkfat percentage, there was an NFC x A 0 interaction ( P = ,021. Milkfat percentage decreased when A 0 was added to 42% NFC diets and increased when A 0 was added to 35% NFC diets. An explanation of this interaction is not clear, although mean ruminal pH responded in a similar manner.
Total tract apparent nutrient digestibilities are summarized in Table 4 . There were no NFC x A 0 interactions. Digestibility values were low, relative to those reported by Robinson et al. (1987) , and may be related to difficulty in obtaining homogeneous and representative diet and feed refusal samples for measurement of lanthanum intake. Assuming that these sampling errors were randomly and normally distributed across diets, treatment differences are relative rather than absolute.
Digestibility of DM was higher ( P = .05) and OM digestibility tended to be higher ( P = .09) for 42% NFC diets than for 35% NFC diets. Robinson et al. (1987) reported a linear increase in OM digestion when dietary starch was increased from 8 to 32%. Because starch is more digestible than NDF in the gastrointestinal tract, replacement of starch with fiber may be expected to lower DM and OM total tract digestibilities if not offset by increases in fiber digestibility.
Apparent digestibilities of NDF and ADF were 7 percentage units higher ( P < .001) for 35% NFC diets. Similar findings have been reported for ADF (Robinson et al., 1987) , NDF (Sutton et al., 19871, and cellulose (MacGregor et al., 1983 ). Higher NDF digestibilities for wheat middlings and brewers dried grains than for alfalfa silage and possible associative effects of fiber on ruminal fermentation may contribute to these increases in fiber digestibility when dietary NFC is lowered. The design of this trial does not allow elucidation of the relative contribution of each of these factors to the increased fiber digestibility.
Total tract apparent digestibility of CP was higher ( P < ,001) for 35% NFC diets, probably due to the higher dietary CP content (18.7 vs 17.9% CP) in 35% NFC diets. Decreasing dietary NFC level has either had no effect on (MacGregor et al., 1983) or decreased (Robinson et al., 1987 ) apparent CP digestion. Addition of A 0 t o 42 and 35% NFC diets did not significantly affect apparent nutrient digestibili ties. Digestibility of DM and CP have either been increased Gomez-Alarcon et al., 1990 or remained unchanged (Firkins et al., 1990; Gomez-Alarcon et al., 1990 in response to A 0 supplementation. Effect of A 0 on fiber digestibility has also been variable, with either no change in NDF digestibility Firkins et al., 1990; Gomez-Alarcon et al., 1990) or increases in NDF and ADF (Van Horn et al., 1984) digestibility.
Rates of digesta passage are summarized in Table  5 . Rare earth markers may migrate from the feedstuff originally marked, but this does not seem to be extensive (Combs et al., 1992) . Corrections for marker movement are not feasible because estimation of marker movement is unreliable; therefore, measures of passage rates are relative rather than absolute. Liquid rate of passage was higher ( P c .005) for 35% NFC diets than for 42% NFC diets but was not affected ( P = .79) by the addition of AO. Collucci et al.
( 1 9 8 2) reported increased liquid turnover with increased dietary fiber levels. Passage rates of alfalfa silage and grain averaged .06 and .08 h-l, respectively, and were not affected ( P > .20) by either NFC level or by A 0 supplementation. Addition of A 0 has not been shown to affect liquid or particulate passage rates Gomez-Alarcon et al., 1990) .
In situ estimates of ruminal DM, CP, and NDF degradation of alfalfa hay are given in Table 6 . Degradation rates (h-l) of DM (.13), CP (.17), and NDF (.09) were not affected ( P > .lo) by NFC level or A 0 supplementation. Extent of ruminal DM and NDF degradation was similar for all diets; however, there was a NFC x A 0 interaction for potentially degraded CP. Extent of CP degradation was increased by adding A 0 to 42% NFC diets and was decreased when A 0 was added to 35% NFC diets. Estimates of lag time for + A 0 NDF degradation were higher ( P < .005) for 35% NFC diets (3.8 vs 2.1 h ) and lower ( P = .05) with the addition of A 0 (2.4 vs 3.5 h). Changes in lag times may be an artifact of the curve-fitting technique used, because lag times are highly correlated with degradation rates, or they may be related to changes in the ruminal environment. Ruminal availabilities (assuming kp = .06) of DM (65.7%), CP (79.0%), and NDF (37.8%) were similar for all treatments. MacGregor et al. (1983) observed no differences in ruminal DM disappearance from Dacron bags with an increased dietary starch (25 vs 33%). Stokes et al. (1991) reported a decrease in ruminal digestion of OM (estimated from flows in duodenally cannulated cows) as dietary NFC level declined but observed no differences in ruminal ADF or NDF digestibility. Firkins et al. (1990) observed no difference in ruminal OM and NDF digestion when A 0 was fed. Gomez-Alarcon et al. (1990) reported increases in ruminal DM and NDF digestion in ruminally and duodenally cannulated cattle when A 0 was supplemented, but results were not consistent across trials. Addition of A 0 has increased rates of in situ DM digestion in sheep (Fondevila et al., 1990) and in vitro DM and fiber digestion (Newbold et al., 1991) but has not affected extent of digestion.
Ruminal fermentation data (average of samples taken at 0, 2, 4, 6, and 8 h postfeeding) are summarized in Table 7 . Mean ruminal pH was lower ( P = .004) for 42% NFC diets but was not affected ( P = .25) by AO. Hour x diet means for ruminal pH are illustrated in Figure 1 . The hour x NFC interaction ( P = .lo) suggested that the postfeeding drop in ruminal pH was less for 35% NFC than for 42% NFC diets. Stokes et al. (1991) observed that as NFC level increased there was an increased drop in postfeeding ruminal pH, probably caused by the rapid fermentation of starch in the rumen.
An hour x A 0 interaction ( P = .06) revealed that the decline in pH after feeding was reduced by the addition of A 0 to 35% NFC compared with 42% NFC diets. There was an hour x NFC x A 0 interaction ( P = .003); ruminal pH was higher than control for 35% NFC t A 0 but was lower than control for 42% NFC + AO. It has been suggested from in vitro trials that A 0 may moderate the postfeeding drop in ruminal pH (Frumholtz et al., 1989) . Ruminal ammonia (milligramsideciliter) was higher ( P < .001) for 35% NFC diets. Because ruminal ammonia concentrations were similar for all diets before feeding (0 hj, the change in ammonia levels occurred after feeding. These observations are possibly the result of differences in dietary CP concentration (18.7 vs 17.9% CP for 35 and 42% NFC diets) or greater utilization of ammonia by bacteria due to more ruminally fermentable carbohydrate for 42% NFC diets. Addition of A 0 did not affect ( P = .94) mean ruminal ammonia concentration. Others Frumholtz et al., 1989; Fondevila et al., 1990) have reported increases in ruminal ammonia with A 0 supplementation.
Total VFA concentrations averaged 124.0 mM and were similar for all treatments. Acetate (moles/100 moles) was higher and propionate (moles/100 moles) lower at all sampling times for 35% NFC diets, resulting in higher ( P = .04) acetate:propionate ratios (3.45 vs 3.25). As dietary starch level increased, propionate (molesi100 moles j increased (Robinson et al., 1986; Sutton et al., 1987 ) and acetate (moles/100 moles) remained the same (Robinson et al., 1986; Stokes et al., 1991) or decreased (Sutton et al., 1987) .
Butyrate (molesi100 moles) was higher ( P = .02) for 42% NFC diets, and an hour x NFC x A 0 interaction was detected ( P = .09j. At 42% NFC, addition of A 0 caused a slight decrease in butyrate over time, whereas A 0 slightly increased butyrate with 35% NFC diets. Numerically these changes are small and are probably not of much biological consequence. Isobutyrate, valerate, and isovalerate (molesi100 moles) were not significantly affected by treatment.
Though increases in ruminal pH, acetate (moles/ 100 moles), and the acetate:propionate ratio suggest a stabilization in the ruminal environment when dietary NFC was lowered, these changes did not result in improvements in ruminal fiber digestion or milk yield. Increased milkfat percentage with 35% NFC is consistent, however, with the increased ruminal pH and acetate:propionate ratio.
Implications
Use of high-fiber, byproduct feedstuffs to lower dietary nonfiber carbohydrate increased neutral detergent fiber intake without major adverse effects on dry matter intake, suggesting that dietary neutral detergent fiber is not a good predictor of dry matter intake when nonforage fiber sources are included in the diets of lactating cows. Changes in ruminal fermentation end products and total tract digestibility can be achieved by lowering dietary nonfiber carbohydrate levels, resulting in increases in milkfat percentage. Addition of Aspergillus oryzae fermentation extract did not improve intake, milk production, or nutrient digestion, and there seems to be little relationship between dietary nonfiber carbohydrate level and response t o Aspergillus oryzae.
